We investigated the relationship between body mass index (BMI) and personality traits, socioeconomic status (SES), and body image (BI) at the beginning of preadolescence. Data were collected from 238 Italian children aged 10-11 years using self-report scales. Information about SES was derived from parental education and professional status. BI was the variable the most strongly associated with BMI. Controlling for BI, SES, and gender, Agreeableness was inversely associated with BMI, whilst Extroversion was related to BMI in girls only. Gender did not moderate the associations between BI and BMI at this age. The relationship of certain personality traits with BMI is likely to emerge during preadolescence. Early interventions to reduce overweight and obesity could consider the interplay of Agreeableness and Extroversion with gender, BI, and SES.
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The prevalence of overweight and obesity among children and adolescents has increased dramatically in recent decades, becoming a major public health concern of the 21st century in developed and developing countries (Ahrens et al., 2014; Wabitsch, Moss, & Kromeyer-Hauschild, 2014) . Such increase occurs for both boys and girls of different age and in 2016, the World Health Organization (WHO) reported an increase in the prevalence of overweight of 18% in girls and 19% in boys (WHO, 2018) . Overweight and obesity during childhood and adolescence are linked with adverse health consequences, such as increased risk for non-communicable and chronic diseases later in life (Lambert, Delvin, Levy, O'Loughlin, Paradis, Barnett, & McGrath, 2008 ) and significant social stigmatization and peer victimization (Lee & Vaillancourt, 2018; Pont, Puhl, Cook, & Slusser, 2017) . Overweight individuals are also more likely to have negative feelings about and dissatisfaction with their bodies than normal-weight peers (Ahadzadeh, Rafik-Galea, Alavi, & Amini, 2018) .
In this regard, body image (BI) is defined as an individual's perception, feeling and attitude about his or her body (e.g., Grogan, 2008) . It encompasses a wide range of factors including the accuracy of self-estimation of body size, satisfaction with one's body, feelings about one's body, perceived body weight, perceived body shape, and body shape concerns (Alebachew & Ashagrie, 2017; Sutin & Terraciano, 2014) . Concerns about weight and wanting a thinner or a larger shape are related to bodyrelated self-esteem in pre-adolescence (Dion et al., 2016; Marsh, Hau, Sung, & Yu, 2007) , playing an important role in the onset of BI disturbances (Schwartz & Brownell, 2004; Voelker, Reel, & Greenleaf, 2015) . For instance, a high BMI during childhood has been strongly associated with a poor self-image, body dissatisfaction, social isolation, self-aggression, and development of eating disorders (El-Sayed & Galea, 2011) . Interest in studying eating disorders, especially in association with overweight, has also increased in the past ten years, as their incidence in children and adolescents has started to rise (Cuzzocrea & Costa, 2017) .
Body mass index (BMI) is widely acknowledged to be negatively associated with BI (Ahadzadeh et al., 2018; Kaminsky & Dewey, 2014; Kantanista, Król-Zielińska, Borowiec, & Osiński, 2017) . In turn, BI was a mediator of the relationships between BMI and emotional well-being (Wertheim, Koerner, & Paxton, 2001) , and increases in BMI during childhood predicted body dissatisfaction during adolescence and early adulthood (Eisenberg & Neumark-Sztainer, 2006) . However, some recent studies have begun to look at the relationship between body image and BMI from an opposite perspective: whether deeper disaffection with one's body may lead to increases in overweight and adiposity in school-age children (Duchin et al., 2014) . Using a prospective design, the study showed that being dissatisfied with the BI at the age of six led to a weight gain over time or to thinness, with some differences between boys and girls.
Several studies have investigated gender differences in BI at various ages. In general, women and girls are less satisfied with their body than men and boys (e.g., Behdarvandi, Azarbarzin, & Baraz, 2017; Fiske, Fallon, Blissmer, & Redding, 2014; Lunde Frisén, & Hwang, 2007; Wong & Say, 2013) , and perceive their body to be fatter than it actually is (Grossbard, Neighbors, & Larimer, 2011; Paap & Gardner, 2011; Runfola et al., 2013) . Regardless of BMI, girls reported being more dissatisfied with their body than boys (Biolcati, Ghigi, Mameli, & Passini, 2017) . Only a few studies, particularly studies of adults, have failed to detect gender differences in BI and the relationship between BI and BMI (Bhuiyan, Gustat, Srinivasan, & Berenson, 2003; Mäkinen et al., 2012) .
Dispositional characteristics, especially personality traits encompassed in the Five Factor Model (FFM; Extraversion, Agreeableness, Conscientiousness, Neuroticism, and Openness to experience), are found to be associated with overweight and obesity risk (e.g., Cuzzocrea, Costa, Larcan, & Rosano, 2013; Sutin, Ferrucci, Zonderman, & Terracciano, 2011) . Conscientiousness, reflecting high self-control, order, and adherence to social norms, appears to be most strongly and negatively associated with overweight and the development and persistence of obesity (Brummett, et al., 2006; Jokela et al., 2013; Sutin & Terracciano, 2016a) . Some studies found that Neuroticism (or emotional instability) was associated with being underweight only in women (e.g., Brummett et al., 2006) , while others reported this relationship in both genders (e.g., Terraciano et al., 2009) . One longitudinal study showed that participants high on Neuroticism had higher BMI, if measured concurrently, while longitudinally Neuroticism scores predicted weight fluctuations, not merely being underweight or overweight (Sutin et al., 2011) . Mixed evidence was reported for the relationship between Extraversion, Agreeableness, and Openness to experience and body weight (i.e., Chapman, Fiscella, Duberstein, Kawachi, & Coletta, 2009; Terraciano et al., 2009) . This literature has mainly studied samples of adults, while interest in younger age groups has started more recently (Sutin & Terraciano, 2016b) . The relationship between overweight in childhood or adolescence and persistent obesity in adulthood is also established (e.g., El-Sayed & Galea, 2011) . Obese children and adolescents were about five times more likely to be obese in adulthood than those who were not obese at younger ages (Simmonds, Llewellyn, Owen, & Woolacott, 2018) .
Longitudinal studies have found associations between various childhood personality traits and BMI (e.g., Cheng & Furnham, 2013) . There is also evidence that childhood personality, and even more adolescent personality, might influence health in adulthood and be associated with adolescent weight problems and adult obesity (Hampson, Goldberg, Vogt, & Dubanoski, 2007; Kern & Friedman, 2008) .
Since the literature highlights a fairly reliable association between Conscientiousness and normal weight in children, adolescents, and adults, while other FFM traits have been shown to be associated with overweight and obesity at different stages of the life cycle (Jokela et al., 2013) , it seems important to investigate these relationships during preadolescence (ranging from 10 to 13 years), a developmental phase not covered by previous research. The goal of the present study was to examine the associations between BMI and both personality traits and BI at the beginning of pre-adolescence. Our first aim was to assess whether the traits are associated with BMI in children aged 10-11 years old. Soto and colleagues (2011) showed that the mean level and the inter-correlations of personality traits in the FFM change with age, especially from childhood to the adult age. So, it would not be entirely surprising to uncover age-specific associations during the preadolescence when impulsivity is higher, and the levels of conscientiousness are lower compared to older ages. Other traits, like Extraversion or Neuroticism might be specifically associated with BMI during this developmental period (Hypothesis 1). PSIHOLOGIJA, 2019, OnlineFirst, 1-15 Although gender differences moderated the relationships between personality and body weight during adolescence and adulthood (Behdarvandi et al., 2017; Fiske et al., 2014; Lunde et al., 2007; Wong & Say, 2013) , there is less evidence regarding gender differences during preadolescence. To our knowledge, only one study analyzed gender differences in the relationship between personality and BMI in the 6-12 age group and showed that boys and girls who were less extraverted, were more likely to be overweight or obese (Vollrath, Hampson, & Júlíusson, 2012) . Indeed, the second aim of the study was to investigate this moderation effect. We expect that associations between BMI and personality traits will be different for girls and boys (Hypothesis 2).
Several studies described an inverse relation between socio economic status (SES) and obesity, (e.g., Bona, Prodram, & Ricotti, 2015; Morgen et al., 2013; Schooling, Yau, Cowling, Lam, & Leung, 2010; Wabitsch et al., 2014) . Interestingly, Loureiro and Nayga (2005) reported a lower frequency of obesity among the low-income and less educated strata of the population, while this frequency dropped significantly as both education and income increase. In keeping with this literature, our third goal was to explore whether the relationship between SES and BMI holds during preadolescence and whether SES moderates the associations of both personality and BI with BMI (Hypothesis 3).
The extant literature suggests that BMI and BI are highly correlated (Bhuiyan et al., 2003; Mäkinen et al., 2012; Schwartz & Brownell, 2004) . Accordingly, our fourth objective was to explore the relationship between BI and BMI in preadolescence. Because gender differences in BI are associated with the perceived appropriateness of one's weight; we also investigated whether gender moderated the association between BI and BMI in this age group weight (Hypothesis 4).
Method

Participants and Procedure
Two-hundred-thirty-eight schoolchildren (108 girls, 130 boys), attending the 5 th grade of Italian primary schools, were recruited from five schools. All participants were 10 or 11 years of age (M = 10.51; SD = 0.58). Participants were from all regions of Italy: 24% of participants were from northern, 32% from central, and 44% from southern regions, including Sicily and Sardinia). Two percent (girls: 1%; boys: 3% boys) of children were underweight, 67% were normal weight (girls: 78%; boys: 58%), 22% were overweight (girls: 18%; boys: 26%) and 9% were obese (girls: 3%; boys: 14%).
The distribution of children's weight was in line with national statistics (OKkio alla SALUTE, 2016) showing that 21% and 9.3% of Italian children 6-11 years old are overweight and obese, respectively. Inclusion criteria for the study were: age 10-11 years, attending the fifth grade of the primary school, written comprehension of the Italian language, ability to fill in a paper and pencil questionnaire. Exclusion criteria were a refusal to cooperate, a present or a history of mental illness. The refusal rate was around 2%. No children were excluded because of mental illness.
Participants completed the Big Five Questionnaire for Children (see instruments) anonymously during the class time under the supervision of trained research assistants with the help of the class teacher. Research assistants and the teacher were available to help children who were having difficulties to complete the questionnaire. All questionnaires were checked to make sure that every question had been answered, and that there were no inappropriate patterns of answers. Weight was measured to the nearest 0.1 kg using portable digital scales with a range of 0-150 kg. Height was measured to the nearest 0.5 cm using a portable stadiometer. Children's height and weight were measured after they had taken away the heavier clothes and took off their shoes in a private room. All children participated in the weight and height measurements. We followed a stringent consent procedure, which consisted of obtaining parental permission, approval from school councils, and giving children the opportunity to refuse to participate. The local ethical committee of the school approved the study. The participants were informed about the aim of the study and its procedures and the parents gave written consent for the participation.
Instruments
Demographic and socioeconomic status (SES) data. We used a self-report instrument to collect demographic data (i.e., age, gender, grade attended, city of residence) and data useful to obtain a SES index. The Hollingshead SES Index is a widely used composite score to assess the socioeconomic status of a child's family (Hollingshead & Redlich, 1958) . It is based on coding the professional status and educational level of both parents using a scale from 1 (e.g., farm laborers/menial service workers) to 9 (e.g., higher executives and major professionals) for profession, and from 1 (i.e., less than seventh grade) to 7 (i.e., graduate professional training) for education. The composite index is then obtained as a weighted average of profession and education, using a weight of 5 and 3 for profession and education, respectively. As such, the Hollingshead Index range is from 8 to 66, with higher scores reflecting higher SES.
Body mass index (BMI)
. BMI is defined as the body mass in kg divided by the square of the body height in m. We used the BMI expressed in kg/m 2 to estimate the risk of weight-related health problems; we used objective measurements of weight and height to eliminate the selfreport bias (Elgar, Roberts, Tudor-Smith, & Moore, 2005) . For descriptive purposes, we used the Italian cross-sectional growth charts for height, weight and BMI (2 to 20 years) (Cacciari et al., 2006) to define the range of percentiles for underweight, normal weight, overweight and obesity. Continuous BMI data was used as dependent variable in regression analyses.
Big Five Questionnaire for Children (BFQ-C). Personality traits were measured using the Big Five Questionnaire for children (Barbaranelli, Caprara, & Rabasca, 1998 ), a self-report questionnaire consisting of sixty-five-items assessing Extraversion (e.g., expansiveness and assertiveness), Agreeableness (e.g., sensitivity, solicitude to others), Conscientiousness (e.g., precision, responsibility, perseverance), Neuroticism (e.g., presence of anxiety and emotional problems, irritability), and Openness to experience (e.g. openness to new ideas, interest in the values of other cultures). Respondents are required to rate each item on a three-point scale (1 = almost never, 2 = sometimes, 3 = many times). In our sample, the internal reliability for the subscales were as following: above the psychometric standards (i.e., Extraversion, α = .70; Agreeableness, α = .81; Conscientiousness, α = .72; Emotional Stability, α = .75; Openness to experience, α = .75.
Body image (BI).
In the present study we used a categorical item: "Do you think your body is: thin (1), the right-size (2), a little-overweight (3), or fat (4)" to measure Body image (Cinelli & O'Dea, 2009 ) and as a proxy of Body image perception.
Data Analysis
BMI data were subjected to a natural-log transformation to ensure that they met with the requirements for parametric statistical analysis (O'Dea & Wilson, 2006) . We used two hierarchical regression analyses to test our hypotheses with BMI as the dependent variable. PSIHOLOGIJA, 2019, OnlineFirst, 1-15
Because we aimed to study interactions effects on BMI involving personality traits, gender, body image, and SES, we mean centered the predictors prior to computing specific product terms (Aiken & West, 1991) . In the first hierarchical regression, gender and SES were entered in Step 1. BI and all five-personality traits were entered in Step 2. The product terms for the interaction of each trait with BI were entered in Step 3, and those for the interaction of each trait with SES were entered in Step 4. In the second regression analysis gender and SES were entered in Step 1. BI was entered in Step 2. The interaction term for gender and BMI was entered in Step 3 and that for SES and BI was enter in Step 4.
Results
Data Cleaning and Assumption Checks
We had no missing data. No cases were identified as univariate outliers, and no data was removed. Data for all variables met the assumptions for parametric statistical analysis including normal distribution of the errors (residuals), multicollinearity, and homoscedasticity of residuals.
Descriptive Statistics and Correlations
Means, standard deviations and correlations between personality traits, BI, BMI, and SES are presented in Table 1 . Personality traits were not correlated with BMI. There was a small-medium positive correlation between gender and agreeableness (r = .22, p < .001) and a small negative correlation between gender and BMI (r = -.15, p = .02). BMI was strongly correlated with BI (r = .51, p < .001). BI was correlated with Openness to experience to a small degree (r = -.15, p = .019). SES was positively correlated with Openness to experience (r = .24, p < .001) and negatively correlated with BMI (r = -.14, p = .027). 
Main Effects and Interactions of Personality Traits and BI on BMI
The results of the first regression analysis are shown in Table 2 . Model 1 accounted for about 3% of the variance in BMI. Neither gender nor SES were significantly associated with BMI, but SES approached statistical significance (B = -.03, p = .164; and B = -.03, p = .053). Model 2 accounted for 30% of the variance in BMI and significantly added to the prediction of the dependent variable (of additional 28%). After controlling for gender and SES, BI and Agreeableness were associated with BMI (B = .12, p < .000; and B = -.08, p = .010). Different from Model 1, SES was negatively associated with BMI (B = -.01, p = .022), whilst gender was still nonsignificant (B = -.01, p = .542), Other personality traits were not associated with BMI; Extraversion (B = .01, p = .754); Conscientiousness (B = .04; p = .312), Emotional Stability (B = .01, p = .897), and Openness to experience (B = .03, p < .295) . Model 3 accounted for 34% of the variance in BMI, an increase of 4% over Model 2. In Model 3, BMI was negatively associated with SES (B = -.01, p = .026), positively with BI (B = .12, p < .001), and marginally with Agreeableness in a negative direction (B = -.07, p = .032). Furthermore, the gender-Extraversion interaction was negatively associated with BMI (B = -.19, p = .008). No other interaction was found to be significant. To interpret the interaction effect, we carried out a simple slope analysis and it showed that Extraversion was negatively associated with BMI in girls, while the trend for boys, although slightly increasing, was quite small. Model 4, adding the interactions of personality traits and SES, did not add up to the prediction of BMI (see Table 2 ) Results of the second regression analysis are shown in Table 3 . Model 1 accounted for 3% of the variance in BMI and there was a marginal negative association between gender and SES with BMI (B = -.04, p = .086; and B = -.01, p = .109, respectively). Model 2 accounted for 28% of the variance in BMI, an increase of 25% over Model 1. In Model 2, BI was significantly associated with BMI (B = .11, p < .001). SES was also associated with BMI (B = -.01, p = .049). In this Model, gender was not associated with BMI (B = -.25, p = .181). Model 3 accounted for 28% of the variance in BMI, providing no increase over Model 2. As in Model 2, the associations of both BI and SES with BMI remained statistically significant (B = .11, p < .001; and B = -.01, p = .048, respectively). Furthermore, gender was not associated to BMI (B = -.02, p = .179). Gender did not moderate the association between BI and BMI (B = -.02, p = .526), whilst BI-SES interaction approached conventional levels of statistical significance (B = .02, p = .092). 
Discussion
This study investigated the associations between BMI and personality traits, taking into account BI, gender and SES in a sample of Italian pre-adolescents. Body image was the variable most strongly associated with BMI. In particular, the more preadolescents viewed their body as fat, the greater their BMI was. This was also previously reported (Ahadzadeh et al., 2018; Kaminsky & Dewey, 2014; Kantanista et al., 2017) . Controlling for BI, SES, and gender, Agreeableness was associated with lower BMI, whilst Extraversion was related to lower BMI in girls, only. These findings are different from previous studies carried out in older or younger age groups. Previous research indicated that Conscientiousness was a negative predictor of BMI (Cheng, & Furnham, 2013; Jokela et al., 2013; Kern & Friedman, 2008) , while the role of other personality characteristics was mixed, age-related, and perhaps gender specific (i.e., Chapman et al., 2009; Terraciano et al., 2009) . In keeping with this literature, we showed that during the preadolescence, Agreeableness and Extraversion, but not Conscientiousness, played a significant role. While one could expect that Conscientiousness could be less relevant to BMI at this age, because the level of this trait is extremely low in children (e.g., Soto et al., 2011) , a somewhat unexpected finding was the relationship between BMI and Agreeableness.
This finding suggests that the more boys and girls were friendly, prosocial, and considerate toward others, the lower their risk of being overweight. Studies describing Agreeableness as one of the strongest protective factors during the delicate transition from childhood to adolescence seem to support this interpretation. Being friendly and considerate toward peers supports the development of informal networking (Jensen-Campbell et al., 2002; Selden, & Goodie, 2018) and promotes self-regulation skills associated with weight-related factors in preadolescence of in both boys and girls (Graziano, Kelleher, Calkins, Keane, & Brien, 2013; McCarthy, Wood, & Holmes, 2017) . Conversely, low Agreeableness is associated with the externalization of problems and risk behaviors (Pandolfi, 2010) . PSIHOLOGIJA, 2019, OnlineFirst, 1-15 Contrary to our prediction, we did not find an association between Extraversion and BMI; a significant relationship emerged when gender was included in the analysis as a moderator. Indeed, the association of Extraversion with body weight was different in boys and girls. It appears that girls who were more extraverted and active were also at lower risk of being overweight, whilst this relationship was not supported for boys. Thus, our findings are against the literature concerning adolescents but are in line with the study by Vollrath and colleagues (2012) , which explored a sample of children and preadolescents where low Extroversion girls were high in overweight or obesity.
Concerning the third hypothesis, our study confirmed the relationship between SES and BMI, also during preadolescence. Italian pre-teens from families with higher SES were less overweight or obese. This finding agrees with the literature on SES and BMI (e.g., Bona, Prodram, & Ricotti, 2015; Morgen et al., 2013; Schooling et al., 2010; Wabitsch et al., 2014) .
We found that BI was positively associated with BMI. Boys and girls who believed they were fat were more likely to have a high BMI than children who believed they were thin or normal weight. However, gender was not a moderator of this relationship. We found a close association between BI and BMI, but only in girls. This finding is consistent with the vast literature on gender differences, reporting a greater concern for body image and dissatisfaction with their body among girls and women (Biolcati et al., 2017; Grossbard, Neighbors, & Larimer, 2011; Paap & Gardner, 2011; Runfola et al., 2013) .
This study has some noteworthy limitations. First, the cross-sectional design and a relatively small convenience sample precluded any causal interpretation and limited the generalizability of our conclusions to larger and more representative samples. Another noteworthy limitation was the use of a single-item to assess individual differences in BI. Longitudinal research with larger samples and multi-item instruments should be used to confirm our findings. The replication of this study with larger samples and the use of other tools for the study of different weight categories (such as eating habits, sport activities, emotional eating) may reduce the bias associated with using BMI as an indicator of the risk of obesity and overweight (Klaczynski et al., 2004) . Furthermore, a clinical approach (Langher, Caputo, & Martino, 2017 ) could contribute to clarify the possible role of emotional dimensions in the relation between BMI and BI.
Conclusions
Our study shows that traits associated with body weight during preadolescence are different from those that are most consistently associated with body weight in adults and teenagers.
Personality traits, seemingly unrelated to BMI in correlation analyses, like Agreeableness and Extraversion, were related to BMI during pre-adolescence. The current study sought to fill a gap in existing literature by exploring the effect of personality traits on BMI, controlling for potentially confounding factors. Given the exploratory nature of the study, a firm conclusion cannot be drawn based on these data only. However, if confirmed in future studies, our findings draw attention to strategies needed to address overweight and obesity later in life through early intervention in schoolchildren.
Therefore, any intervention aimed to prevent overweight and obesity starting at school age, should consider the interplay of these factor with personality. Beyond prioritizing low SES children, young girls, and preadolescents dissatisfied with their bodies, school-programs, and health-promoting interventions should consider increasing children competences that might help them to be friendly, prosocial, and respectful of others and the rules, along with offering guidance on diets and physical activity.
Future research should also focus on contextual factors, which may moderate or mediate bidirectional associations involving BMI, BI, body satisfaction, personality traits, physical activity and eating habits, using multilevel data and comparing samples at different stages of adolescence.
